Idli is one of the very widely used fermented foods of India, particularly in the South. It is prepared from rice and black gram mungo (Phaseolus mungo), a legume. The ingredients are carefully washed, soaked in water separately, then ground, mixed, and finally allowed to ferment overnight. When the batter has been raised sufficiently, it is cooked by steaming and served hot. The product has a very soft and spongy texture and a desirably sour flavor and taste. Lewis and Johar (1963) reported the species of Lactobacillus delbrueckii, L. lactis, Streptococcus lactis, and a number of yeasts in the fermenting batter. Radhakrishnamurty et al. (1961) indicated the importance of black gram as the major contributing component in the fermentation of the batter. The purpose of this study was to determine the nature of the fermentation and the microorganisms responsible for the leavening action.
MATERIALS AND METHODS
In the method of preparation of idli there seems to exist some variation in the proportions of black gram and rice used. An idli of acceptable quality was prepared in the laboratory with black gram and rice in a 1:1 proportion. A Parboiled rice of the Uncle Ben trademark was procured from local markets. It was found that better results were obtained with parboiled rice than with milled white rice. It was evident, from the preliminary experiments, that the fermentation of rice semolina was much delayed, compared with that of the black gram, and that only the ground black gram increases in volume when tile two ingredients are fermented separately. The plastic-like or glutinous consistency of the batter is desirable in order to retain the gas evolved.
The black gram was washed several times, first with tap water and finally with distilled water. This removed some of the surface microorganisms. These were found to produce off-flavor in the idli unless they were washed out. The grains were soaked for 8 hr in distilled water, then ground to a fine paste in a Waring Blendor, and mixed with rice semolina (30 mesh) and 1% salt, calculated from the weight of batter. The black gram soak water was sampled at 0-, 4-, and 8-hr intervals. After the ground black gram and rice batter was prepared, it was allowed to ferment in a 30 C incubator. Samples were taken at 4-hr intervals for the determination of pH and for plate counts of microorganisms. The increments in batter volume were also noted at those intervals. Total acid and pH were determined in a duplicate batter at 4-hr intervals, so that the batter used for volume determination and plating would be altered as little as possible. Fig. 1 ). The greatest change in total acidity and pH occurred at 28 hr (Fig. 1) . The batter volume, with the air incorporated during mixing, measured 505 ml for the batch of idli containing 75 g of rice, 75 g of black gram, 370 ml of water, and 4.7 g of salt. The batter volume was observed to be 380 ml after 40 hr of fermentation. The maximal volume of 745 ml was reached after 24 hr of fermentation. The batter did not develop a typical sour aroma until a period of 16 hr had elapsed, before which the aromas of raw bean and rice were apparent. Only after a period of 40 hr was a slight off-aroma noted. There was little change in aroma in still later stages of fermentation. Bland flavor and a decrease of sour odor typified the end of fermentation. The consistency of the batter was also softer, thinner, and less glutinous at this stage.
The pH and total acidity changed sharply in the most active period of fermentation. The batter was fairly well buffered at the initial and final stages of fermentation (Fig. 2) . The acidity was relatively high at the stage of consistency suitable for idli making. At the 20-hr interval, the second batch showed a pH value of 4.70 and a total acid of 2.50%, as lactic acid, based on the weight of dry grains. The pH of the batter of both batches was within reasonable agreement after 20 hr.
There is an exceedingly high rate of growth of microbial populations during the soaking and early fermentation period, rising from a total count of 0.0117 X 106 to 3,000 X 106 per g of dry grains, in 20 hr (Table 1) . This was followed, however, by a gradual decrease, as shown by a population of 1,780 X 106 at 48 hr.
A total of 290 bacterial species were isolated from samples of batter at periodic intervals. Of these, 127 produced acid and carbon dixoide, as well as the typical morphology and mucoid growth of L. mesenteroides. Representative strains fermented glucose, fructose, galactose, mannose, sucrose, maltose, and xylose, with the amount of acid normally produced by that species. However, they failed to ferment arabinose, and therefore are considered as arabinose-negative strains of L. mesenteroides. An additional 93 strains produced acid with no carbon dioxide gas, and representative strains grew in 6.5% sodium chloride broth at 45 C; they fermented glucose, fructose, galactose, mannose, arabinose, sucrose, maltose, lactose, raffinose, and mannitol, and were, therefore, considered strains of S. faecalis. A number of strains (56) grew in typical tetrad formation, produced acid but not carbon dioxide, and showed other characteristics of P. cerevisiae. The remaining 14 cultures, isolated from the fermenting beans, were aerobic, and were not identified further.
The sequence of growth of the organisms is apparent in Table 1 . Some of the colonies (40%) isolated from the original sample of black gram were found to be aerobes. This situation was changed rapidly, however, and at 4 and 8 hr of presoaking of the beans, 95% of the isolates were found to be L. mesenteroides. At the 4-hr plating, a few aerobic colonies were still present.
The aerobic colonies on the unsoaked black gram beans are shown in Fig. 3A . The plating at 4 hr (Fig. 3B) for the purpose of idli making. Species of yeasts and the species of lactic acid bacteria reported by Lewis and Johar (1953) were not isolated at any stage of the fermentation. The bacterial species they described are homofermentative, and would not produce leavening action.
The presence of L. mesenteroides has previously been established in many fermenting vegetables. Pederson and Albury (1954) showed that, at various salt concentrations, the fermentation of sauerkraut was always initiated by the species L. mesenteroides. The fermentation was eventually completed, however, by the species L. plantarum and L. brevis. Pederson and Albury (1956) also observed the presence of L. mesenteroides in lowsalt cucumber brine fermentations. They noted that L. plantarum was sometimes dominant in one batch, whereas L. brevis was occasionally dominant in another. In all these cases, acid production was marked.
The fermentation of idli demonstrates a leavening action caused by the activity of the heterofermentative lactic acid bacterium, L. mesenteroides. As far as is known, this is the first record of a leavening action produced exclusively by the activity of a lactic acid bacterium. Although the presence of the homofermentative lactic acid bacterium, S. faecalis, must 
